• 4. 

FOULING REDUCTION DEVICE FOR A TUBULAR HEAT 
EXCHANGER 

TECHNICAL FIELD 

The invention relates to fouling reduction devices for tubular heat 
exchangers. 

It is applied in the oil and petrochemistry industries that operate tubular 
heat exchangers wherein circulate corrosive liquids. 

STATE OF THE PRIOR TECHNOLOGY 



Tubular heat exchangers equipped with fouling reduction devices are 
described in patent EP 0 174 254 dated 1 1 .09.86. 

According to this document, fouling reducers mounted inside the 
exchanger tubes comprise a mobile turbulence generating element that consists 
of a metallic winding in the form of an unstretchable solenoid, held in position 
by a hanging system in such a manner that the turbulence generating element 
can be driven in rotation by the liquid that circulates in the exchanger. 
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^ In order for the mobile components to be unstretchable, they are 

(/J usually made of steel of the piano-wire type, also called spring steel. 

p9 When these turbulence generating elements are put in contact with 

q corrosive liquids, as is the case for example in the tubular exchangers used to 

Rj warm up crude oil in atmospheric distillation units in oil refineries, they are 

* subjected to various types of corrosion that lead to their destruction. 

S 

jUa, In these exchangers, the crude oil that circulates in the tubes has a low 

IU water load and contains mineral salts of which chlorides, sulfide compounds, 

such as hydrogen sulfide or thiols and naphthenic acids, that give it the 
pj properties of a particularly corrosive matter. 

Below 150°C, an attack on the spring steel by the hydrogen ions leads 
to a fast inter-granular embrittlement that causes the turbulence generating 
elements to rupture. 

Above 220°C, after the crude oil has gone through the desalting 
process, the percentage of chlorides still present ranges between 0.1 and 0.2%. 
The presence of hydrochloric acid from the hydrolysis of the chlorides still 
present leads to a slow corrosion of the mobile elements. 

At 250°C and up, the naphthenic acids also lead to a slow corrosion of 
the turbulence generating elements. 

The hydrogen sulfide, resulting from combining the hydrogen with the 
organic sulfur contained in the hydrocarbon load, furthers the rupture by 
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embrittlement of the turbulence generating elements. The presence of thiols in 
the hydrocarbon load accelerates the corrosion. 

Other fouling reducers for tubular heat exchangers are described in 
patent FR 2 479 964 dated April 8, 1980. 

According to this document, the fouling reducers mounted inside the 
exchanger tubes each comprise a turbulence generating element that consists of 
a metallic winding in the form of an elastic solenoid, that extends over the entire 
length of t hf Inbes-an t Hs ngitnt f d by t h e li qu id t hat circulates in the exchanger. 

These mobile elastic elements are usually obtained by stretching a 
spring made of piano-wire. 

Like the mobile elements described in document EP 0 174 254, they are 
embrittled by the corrosion, but, as they are stretched, they run the additional 
risk of stress corrosion, namely when they are in the presence of chlorides, even 
at low levels of approximately 30 mg per liter in the liquid that circulates inside 
the exchangers' tubes. 

One known solution for lowering the risk of corrosion consists in 
making the mobile elements and their hanging systems from cold worked 
titanium. 

However, this metal has the disadvantage of not having enough tensile 
strength to provide the mobile elements with the stiffness necessary for them to 
function properly. 

Other known fouling reducers for a tubular heat exchanger, comprising 
at least one turbulence generating element, fixed, set inside one of the tubes 
have the same disadvantages. 

DISCLOSURE OF THE INVENTION 

This object of this invention is to remedy these disadvantages and 
namely to provide fouling reducing devices for tubular heat exchangers that 
resist corrosion. 

With this end in mind, this invention proposes a fouling reducing 
device for tubular heat exchangers of the type that comprise at least one 
turbulence generating element set inside one of the tubes of said exchanger and, 
when used, in brought in contact with an environment that contains 
hydrocarbons, namely crude oil, characterized in that said element meant to be 
in contact with the hydrocarbons is made of a metallic alloy with a nickel 
content that is greater than 50% by weight and that in addition comprises at least 
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one metal chosen from the group consisting of, chrome and molybdenum, in 
order to improve its resistance to corrosion. 

According to another characteristic of the turbulence generating 
element of the invention's device, in order for the later to resist to corrosion 
when stretched, the metallic alloy of which it is made has a chrome, TCr and 
molybdenum, TMo, content expressed in % by weight of the alloy, so that the 
following relation can be verified: 

TCr + 33 x TMo > 36% by weight of the metallic alloy. 

According to another characteristic of this element of the invention's 
device, the metallic alloy of which it is made comprises the following metals, in 
the indicated content ranges: 

- nickel: between 55 and 65% by weight, 

- chrome: between 20 and 25% by weight, 

- molybdenum: between 5 and 10% by weight, 

- niobium: between 2.5 and 4% by weight. 

- iron: to complete at 100%. 

DETAILED DESCRIPTION OF THE INVENTION 

In general, the invention's device is used to reduce the fouling of 
tubular heat exchangers wherein circulate corrosive liquids. 

This is namely the case for heat exchangers used to warm up crude oil 
in the atmospheric distillation units of crude oil upgrading plants. 

This crude oil contains a small quantity of water, mineral salts and 
sulfur compounds which makes it particularly corrosive. 

According to a preferred method for implementing the invention, the 
fouling reducers for these exchangers are made of a metallic alloy that consists 
of the following materials (in % by weight): 

- Nickel: 64.9 
-Chrome: 22.16 

- Molybdenum: 8.75 
-Niobium: 3.62 
-Iron: 0.19 
-Titanium: 0.18 
-Aluminum: 0.089 

- Silicon: 0.057 



Magnesium: 0.022 



- Carbon: 0.012 



- Copper: 0.010 
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- Cobalt: 0.005 

- Phosphorus: 0.003 

- Sulfur: 0.002 

With this alloy, the expression TCr + 3.3 TMo, where TCr represents 
the chrome content and TMo represents the molybdenum content, equals 22.16 
-i- 3.3 x 8.75, or 51.03% by weight. 

Thus, the TCr + 3.3TMo = 36% by weight relation is verified. 

Thanks to this alloy, the fouling reducing device resists stress corrosion 
and corrosion or the inter-granular type. 

Furthermore, this alloy has a tensile strength of 1650 Mpa, much 
greater than that of titanium, which is in 700 MPa range and is largely sufficient 
for the fouling reducing devices to operate correctly. 

This invention is not limited to exchangers wherein circulates crude oil, 
it can also be applied to petrochemical unit exchangers wherein circulate other 
corrosive hydrocarbons. 

EXAMPLE 

This example relates to fouling reducing devices for heat exchangers 
used to warm up crude oil of the light Arabic type, in an atmospheric distillation 
unit of a crude oil upgrading plant that is not equipped with a desalting device. 

Each exchanger comprises a shell, inside which are mounted 564 tubes 
whose inner diameter is equal to 20.2 mm and whose length is of approximately 
6100 mm. On the shell side an atmospheric distillation residue circulates. Said 
residue emanates from the bottom of the atmospheric distillation column that 
warms up the non desalted crude oil that circulates inside said tubes to a 
temperature of 260°C. Fouling reducing devices of the type described in patent 
FR 2 479 964 are mounted inside these tubes. 

These fouling reducing devices are in the shape of solenoids made from 
a metallic alloy wire with a diameter of 1.2 mm that contains 64.9% of nickel 
and 8.75% of molybdenum, as defined below. 

When the crude oil circulates in the tubes, the fouling reducers are 
stretched and then have an outer diameter of approximately 15 mm. 

The crude oil that circulates in the exchanger tubes has an average 
water content of 0.8%, expressed in volume, an average sodium chloride content 
of 30 mg per liter and an average sulfur product content of 1.8% by weight, 
expressed in total sulfur. 
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Under these conditions, the life expectancy of the fouling reducing 
devices made in accordance with the invention is of approximately 2 years, 
whereas it is of only 12 months for the fouling reducers made of spring steel. 

The fouling reducing devices for heat exchangers as set forth in the 
Example, installed in the exchangers of a steam cracking petrochemical unit also 
show a significant increase in their life expectancy. 



